Introduction
This paper focuses on the association between late childbearing and healthy longevity. Perls et al. (1997) and Doblhammer (2000) investigate the association between late childbearing and longevity for women. Smith et al. (2003) explore the association for men as well as women, as we do here. In contrast to previous studies, we analyse healthy longevity as well as longevity itself. Furthermore, we use an unprecedentedly large follow-up sample of nearly 9,000 elderly people, aged 80-105, including 2,400 centenarians. This sample is from China, a less developed country where the chance of surviving from birth to advanced old age was very low compared with the cohorts of Americans and Europeans studied by We apply logistic and survival-analysis models to health data and follow-up mortality data collected from 1998 to 2000 on nearly 9,000 Chinese elderly aged 80 and above. In our analyses, we adjust for a variety of confounding factors. We then use an extended Fixed-Attributes Dynamics (FAD) method and the 1998 baseline survey data to investigate the association of late childbearing with healthy longevity from age 80-85 to 90-95 and 100-105.
Data
Data used in this paper are from the Chinese Longitudinal Survey on Healthy Longevity, which is the largest longitudinal study of very old people ever undertaken in a less developed country; it is also the interviewing one of their close family members. Survival time for decedents or censoring time for survivors was calculated in days between the date of the baseline interview and the date of death or second interview. In the follow-up survey we were unable to obtain details of 850 members (9.6 per cent) of the baseline sample (usually owing to change of address) and they were excluded from the study.
Coale and Li (1991) concluded that age reporting for very old persons in these provinces of China, where Han Chinese constitute the majority, is as reliable as it is in developed countries. But in other regions (such as Xingjiang), where the majority or a significant proportion of the population belongs to ethnic groups other than the Han, age reporting may be inaccurate. This is the main reason why we restrict our survey to the 22 provinces where Han Chinese are the overwhelming majority. The other nine provinces (Xinjiang, Qinghai, Ningxia, Inner Mongolia, Tibet, Gansu, Yunnan, Guizhou, and Hainan) all have a high proportion of inhabitants belonging to ethnic minorities. In the case of Xinjiang, we are sure that the quality of age reporting is very poor, but the other eight were excluded because we were not sure about the quality of age reporting among their ethnic groups and we did not have the detailed age-specific and ethnicity-specific data required to evaluate its quality.
The results of a study of the validity of the age reporting of Chinese Han centenarians using a comparison of demographic indices with Sweden, Japan, France, and Italy were consistent with Coale and Li's findings (Wang et al. 1998 ). The age distribution of the centenarians interviewed in our 1998 survey was found to be very similar to that of Swedish centenarians (see Figure 1 in Zeng et al. 2001 ). These findings lead us to believe that age reporting in the Chinese Healthy Longevity Survey is generally acceptable up to age 105. A careful evaluation (based on reliability coefficients, factor analysis, the rates of logically inconsistent answers, etc.) showed that the data quality of the Chinese survey on healthy longevity was generally good (Zeng et al. 2001 (Zeng et al. ,2002 . The reliability coefficients of the ten categories of variables were found to be reasonable (e.g., see Since the percentage of missing values for all baseline variables (excluding 'not able to answer') used in our models is less than 2 per cent except for age at first marriage (5 per cent), we imputed the mean value for missing values of all variables (Landerman et al. 1997) except age at first marriage for which multiple imputation was used (Allison 2002 ).
Methods

Statistical modelling
We performed three kinds of statistical analysis. First, we used logistic regression to analyse how late childbearing is associated with health status. In such models, the dependent variables are ADL scores, MMSE scores, self-rated health, and depression symptoms. The independent variables are late childbearing after age 35 or 40, plus other covariates measuring demographic characteristics, family support, social connections, and health practice (to be described later).
Second, we used a Cox proportional hazards regression model (Cox 1972 Table 3 ). The method is based on the fundamental demographic insight that the prevalence of a fixed attribute in a population can change with age even though no individual can change his or her variant of the attribute, and that therefore much can be learned about the impact of the attribute on survival. Fixed attributes that affect survival at older ages include genetic factors and various non-genetic factors that are fixed in earlier life. Such factors could be those fixed at birth (e.g., genetic make-up, birth weight, and birth order) but any factor that is fixed before the onset of old age (e.g., diseases suffered earlier in life, education, occupation, and pattern of childbearing) can also be used in a study of survival at older ages.
The basic FAD method for use in a study of longevity can be formulated as follows. Let N(x) denote the number of persons aged x; p1(x) the proportion of individuals who are x years old and have the fixed attribute; sl(x + n) the conditional survival probability from age x to x + n for those who have the fixed attribute; so(x + n) the conditional survival probability from age x to x + n for those who do not have the fixed attribute; and S(x + n) the conditional survival probability from age x to x + n for all members of the cohort. On the one hand, because N(x)pl(x)sl(x + n) = N(x)S(x + n)pl(x + n), it follows that s(X+n) S(x+ n) pl(X + n)(1)
Psl(x + n) = S(x + n) lp(x) .
(1 . In this paper, however, we propose and emphasize the use of formula (3). Formula (3) does not require estimates of cohort survivorship (S(x)), which were not available for this study and may not be available for many other studies, especially those applied to less developed countries. We extend the FAD method expressed in formula (3) to study the association between a fixed attribute and the combined status of survival and good health. Good health is defined by some measure, such as 'ADL independence', the ability to perform the basic activities of daily living independently. Let 11(x + n) denote the probability that individuals who are x years old and who have some fixed attribute will survive to age x + n and be in good health at age x + n. Note that these individuals do not have to be in good health at age x. Similarly, define lo(x + n) as the probability that individuals who are x years old and who do not have the fixed attribute will survive to age x + n and be in good health at age x + n. Let h(x + n) be the proportion of persons who are in good health at age x + n. Finally, let z(x + n) be the proportion of persons having the fixed attribute among those who are healthy at age x + n. On the one hand, because N(x)pa(x)ll(x + n) = N(x)S(x + n)h(x + n)ic(x + n), it follows that
pl (x) where S(x) and pl(x) are defined as before. On the other hand, it is also the case that lo(x + n) = S(x + n)h(x + n)(l -z(x + n))
(
-pl(x))
The ratio of the probability of healthy survival of those with the fixed attribute to the probability for cohort members without it, which we call the ratio of healthy survivorship (RHS), is estimated by dividing formula (4) by formula (5):
If RHS is greater than one, the fixed attribute is positively associated with healthy longevity. Formula (6) is an extension of formula (3). Note that formula (3) can be expressed in terms of the number of people with and without some attribute at two ages:
This is a formula used by Hill (1999). So the method expressed in formula (6) can be considered to be an extension both of the FAD method and of Hill's method.
One of the main strengths of the FAD method is that it can be used to analyse the association between fixed attributes and longevity or healthy longevity based on two or more independent cross-sectional samples, rather than on a longitudinal survey. The ratios of survivorship and healthy survivorship using the FAD method can also be estimated using one cross-sectional dataset. This can be done if it is reasonable to assume that the initial distribution of the fixed attribute and its effects on survival do not differ substantially between older and younger cohorts. In this case, the older and younger cohorts are connected in one hypothetical cohort. As will be discussed later, we assume that the initial distributions of late childbearing-and the effect of this fixed attribute on healthy survival-did not differ significantly among the cohorts aged 80-105 in 1998.
The FAD method assumes that the number of migrants is small or, alternatively, that migrants do not differ significantly from non-migrants with respect to the fixed attribute and survival. The magnitude of international and internal migration before the 1980s in China was small owing to slow economic development and policies restricting residential movement. Mobility greatly increased after 1980, but not among the oldest-old.
A major limitation of the standard approaches to survival analysis is the need for prospective tracking of study participants to ascertain the occurrence of exit events. If the transition of interest requires many years to occur, the required follow-up period often becomes prohibitively expensive and timeconsuming (Hill 1999, pp. 497-8). The main strength of the FAD method is that it circumvents this major limitation. In the present study, one of the objectives is to investigate the association of late childbearing with healthy longevity from age 80-85 to 90-95 and 100-105. To do so, and using the standard approach of survival analysis, we would need 10-20 years of follow-up data, which are not available. Furthermore, almost all of the oldest-old aged 80-105 would die within the 10-20 year follow-up period even if such a study were practicable in other respects. This is the main reason why we use the FAD method based on the cross-sectional baseline survey data, in addition to the survival analysis using the baseline and the 2-year follow-up data.
The strength of the FAD method, however, is bought at a price because it has a major limitation. In addition to its crucial assumptions, discussed earlier, the FAD method, as currently developed, permits a univariate analysis to ascertain the 'de facto' association between the fixed attribute and healthy survival, while controlling for age and sex. But an analysis based on the FAD method does not ascertain whether the association of the fixed attribute with healthy survival is due to the attribute itself or is caused or mediated by other factors. That is why we also use logistic analysis and hazards models to investigate the association of late childbearing with health status at the baseline and with survival and healthy survival during the 1998-2000 follow-up period, while controlling for various confounding factors.
Findings
Results based on the statistical models and the 1998-2000 survey data The association of late childbearing with health status in thel998 baseline survey. Table 2 shows the estimates of the odds ratios (OR) of being ADLdisabled, MMSE-abnormal, having self-reported poor health, and having depression symptoms (we are satisfied with the goodness of fit of the logistic regression models presented in Table 3 ).
The estimates show that the addition of the covariates of family support (including the number of surviving children) and social connections as control variables to Model II slightly weakens the association between late childbearing and survival among the oldest-old men, compared with Model I. Additions of the covariates of health practice and health conditions to the models for males further weaken the association. The survival analysis also demonstrates that for all Models I, II, III, and IV, the larger the number of births after age 35 or 40, the stronger the association between late childbearing and survival among both male and female oldest-old (see Table 3 ).
The association of late childbearing with healthy survival. The last two columns of Table 3 present the ordinal logistic regression estimates of the association of late childbearing with healthy survival, sequentially adjusted for the other 19 confounding factors of demographic characteristics, family support, social connections, health practice, and health conditions observed in the 1998 baseline survey. As described earlier, healthy survival is defined as survival plus good health in the second wave of the survey in 2000. 'Good health' is measured by 'no impairment' in all of the four main aspects of health-active in daily living, normal cognitive function, self-reported good health, and no depression symptoms.
The ordinal logistic regression analysis shows that the OR of death or unhealthy survival among oldestold women who had 2 or 3+ births after age 35 or 40 were 15-44 per cent lower in Models I, II, III, and IV than amongst women who did not have such late births. These estimates for females are all statistically significant, with one exception. The risk of death or unhealthy survival among very old males was found to be statistically significant among those who had 3+ births after age 35 or had 2 or 3+ births after age 40 in Model I compared with those who did not have late births. The estimates also show that the association of having 2 or 3+ births after age 35 or 40 and Table 4a ).
The estimates also indicate that later childbearing All of the estimates of the ratio of survivorship and ratio of healthy survivorship among the oldest-old men who had one birth or more after age 40 (i.e., the men whose wives had one or more births after the men reached age 40) are greater than one; most estimates are statistically significant. The likelihood of surviving with ADL independence from age 80-85 to 100-105 for men who had 1+, 2+, and 3+ births after age 40 was 58-143 per cent higher than for men who did not have such a late birth. The increases in the likelihood of healthy survival from age 90-95 to 100-105 for the men who had 1+, 2+, and 3+ births after age 40 were 11-43 per cent. The likelihood of healthy survival from age 80-85 to 90-95 among the men who had 1+, 2+, or 3+ births after age 40 were 40-69 per cent higher than for those who did not have such a late birth.
Discussion
A study using logistic regression, controlling for a few major socio-economic factors and based on two large datasets-one from Great Britain the other from Austria-finds a positive relationship between giving birth after age 40 and longevity among women An extended period of endogenous oestrogen production, later pregnancy, birth delivery, and breastfeeding may stimulate biological systems and positively affect survival and health for women. But the positive effect of later childbearing on survival and healthy survival for oldest-old fathers cannot be explained by biological mechanisms related to late pregnancy and delivery. Thus the effect on men indicates that various social factors may also be important. One possible explanation is that the oldest-old who had children after age 35 or 40 might receive better care from their relatively younger offspring. Other hypotheses are that the family environment of the middle aged and the elderly might be more enjoyable and longevity-enhancing if it includes babies and younger children. Further, people who produce late offspring might tend to take better care of their health because they have the responsibility of raising children and want to survive to see their children get married and produce grandchildren; such effects may continue from middle age to old age.
From the ordinal logistic regression analysis, we found that the oldest-old who had 2+ surviving children born after age 35 or 40 and had at least one such late-born daughter living nearby had statistically significant advantages in healthy survival over those who also had 2+ surviving children born after age 35 In our sample, 16, 8, and 7 per cent of the oldest-old men had 1, 2, or 3+ offspring, respectively, after age 45, and 9, 3, and 2 per cent of the oldest-old men had 1, 2, and 3+ offspring, respectively, after age 50. The statistical analysis of the 1998-2000 follow-up data shows that, among oldestold men, the association of late childbearing with healthy longevity after age 45 or 50 is similar to that of women giving birth after age 40.
In addition to possible biological and social factors, discussed above, selection may also play an important role. It may be that physically robust and healthy persons are more likely to have children after age 40 and also enjoy healthy longevity. Rich and healthy men might have married much younger women, and thus had higher chances of having children at later ages.
It seems clear that late childbearing is significantly associated with health longevity at ages 80-105. The magnitude of the effects of late childbearing on maternal mortality and healthy survival at middle age and the early stages of elderly life in China is, however, uncertain. We had no information for the early stages of the life course. It is possible that, among the cohort members born 80-105 years ago, some women who gave birth after age 35 or 40 have died owing to difficulties at childbirth or the extra burden and hardship of raising more children. The husbands of these unfortunate and perhaps genetically or biologically weak women might have died, too, as a result of sadness about the wife's death and the burden of raising small children as a widowed father with poor resources. As Chen and Jones (1989, p. 73) noted: in high-mortality populations, the aged are those who have survived the dangers of being born, the risks of infancy and childhood, and the sicknesses and accidents of middle age. The sicknesses and accidents of middle age might include delivery difficulties resulting from late childbearing and maternal mortality and its associated psychological and physical losses.
In general, the oldest-old observed in the 
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